Objectives: Methods to develop core outcome sets, the minimum outcomes that should be measured in research in a topic area, vary. We applied social network analysis methods to understand outcome co-occurrence patterns in human immunodeficiency virus (HIV)/AIDS systematic reviews and identify outcomes central to the network of outcomes in HIV/AIDS.
Introduction
In clinical research, an outcome is an event or measure in study participants that is used to assess the effectiveness and/ or safety of the intervention being studied [1] . The outcome name (e.g., ''anxiety'' and ''death'') is formally called the outcome domain [2, 3] . In this article, when we say ''outcome,'' we are referring to the outcome domain. Researchers typically examine multiple outcomes, and the
What is new?

Key findings
We applied social network analysis methods to outcomes examined in all Cochrane systematic reviews of human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS), thus identifying central outcomes, that is, outcomes important to the connectedness of other outcomes in the network of outcomes in that topic area.
Although there was some overlap, the seven most central and the seven most frequent outcomes differed, both overall and within subgroups by type of HIV/AIDS intervention (i.e., clinical management, biomedical prevention, behavioral prevention, and health services).
What this adds to what was known?
Current approaches to developing core outcome sets vary, and frequency approaches are the most common. We have demonstrated the novel application of social network analysis to identify central outcomes.
What is the implication and what should change now?
Systematic reviews can be a useful starting point for identifying central outcomes.
Social network analysis can contribute a perspective that complements traditional frequency, consensus, and survey methods for developing core outcome sets.
Once potential outcomes are obtained from both frequent outcomes and central outcomes, assuming involvement of all stakeholders, the next step should be to develop core outcome sets.
number of outcomes they examine varies widely. For example, clinical trials have been reported as examining between 1 and 71 primary outcomes and between 0 and 122 secondary outcomes [2] . This variation creates inconsistent outcome reporting, threatening credible evidence synthesis because when an outcome is reported for one trial but not another, it is impossible to compare or synthesize results across trials, for example, in a meta-analysis. The various outcomes examined within a group of related trials or systematic reviews constitute a network of outcomes. For example, a trial of statins for hypercholesterolemia might examine serum cholesterol concentration and stroke. Some less frequently examined, but not less relevant, outcomes might be cost effectiveness and quality of life. All these outcomes might be examined within trials or reviews, but all would not typically be examined within a single trial or review. For example, a trial addressing mother-to-child transmission of human immunodeficiency virus (HIV) might examine a cluster of outcomes such as the child's acquisition of HIV, premature delivery, neonatal morbidity, and neonatal mortality, outcomes that could also be examined in other studies on the topic. Trialists and systematic reviewers alike would want relevant outcomes in that cluster to be reported for all studies on the topic, yet this clustering may not be revealed by consensus, survey, literature review, or other methods of deciding on important outcomes.
When a single study examines multiple outcomes, outcomes (or nodes) are said to co-occur. Within a topic area, understanding the underlying outcome cooccurrence patterns in existing research could inform the development of core outcome sets. A core outcome set refers to the minimum outcomes that should be examined in all trials addressing a specific condition [4] . Core outcome sets serve two main purposes: they (1) facilitate decision making by patients, clinicians, health care payers, and guideline developers by promoting consistency in outcomes examined in studies, and (2) reduce the potential for selective reporting of an outcome purely on the basis of results [3e7] .
Social network analysis, the study of graphs as representation of relationships and patterns of interaction among nodes (in our case, outcomes) within a network [8] , provides methodological tools to understand outcome co-occurrence patterns. To our knowledge, social network analysis methods have not been applied to analyze outcome co-occurrence patterns or to identify potential outcomes for core outcome sets. However, social network analysis methods, with their basis in network theory [9] , have increasingly been applied to other health-related research, including evaluating collaboration among researchers [10e12]; evaluating scholarly citation patterns in Alzheimer's disease [13] ; and evaluating the associations between personal relationships and happiness [14] , depression [15] , food choices [16] , physical activity [17] , alcohol use [18] , marijuana use [19] , and smoking [20e22] .
Understanding the affinity (or repulsion) between certain outcomes that results in their co-occurrence (or not) would help identify outcomes central to a network of outcomes (i.e., important to the connectedness of other outcomes) in trials or reviews. In a network of persons, for example, centrality would describe the most influential person in a network. Centrality considers which outcomes and groupings of outcomes have been important to researchers. Betweenness centrality is calculated for each node and indicates the proportion of times, out of the maximum possible, that the outcome (or node) occurs in the shortest path between two other outcomes (or nodes). We chose betweenness centrality because it best describes how certain nodes are intermediaries or important in connecting other nodes in a network [9] .
The Core Outcome Measures for Effectiveness Trial (COMET) Initiative suggests that core outcome sets be developed first by identifying potential outcomes and then establishing consensus among stakeholders [5] . Current approaches to developing core outcome sets vary [23] , although frequency of outcome occurrence in research studies provides key information. In the present study, using Cochrane reviews, we examine whether social network analysis would provide new information on the centrality of outcomes that have been examined in a topic area. Reviews synthesize multiple trials and directly inform clinical practice guidelines and health care policy. Whereas trial outcomes generally relate to patient care and may be constrained by practical considerations, such as costs of measurement and study power [3] , an additional set of issues, such as the usefulness of outcomes to decision makers, is likely to influence systematic reviewers. Thus, reviews may include both clinical and policy-relevant outcomes.
Objectives
We used social network analysis methods to: (1) understand outcome co-occurrence patterns in Cochrane reviews of HIV/AIDS and (2) identify outcomes that are central to the network of outcomes examined in Cochrane reviews of HIV/AIDS.
Methods
Choice of topic area and reviews
We selected HIV/AIDS for this study because of the variety of interventions and outcomes inherent to the topic area. This variety lends itself nicely to understanding outcome co-occurrence patterns. In addition, a recent review [23] identified only one core outcome set for HIV/ AIDS, specifically for interventions addressing mother-tochild transmission among breastfeeding mothers [24] .
All Cochrane reviews published by the Cochrane Review Group on HIV/AIDS in the Cochrane Database of Systematic Reviews as of June 30, 2013 (issue 6), were eligible. For completed reviews, we included the most recent version. For ongoing reviews, we included the protocol.
Data extraction
We designed a data extraction form using Google Forms. One investigator (I.J.S.) extracted the following for each review: status (protocol or completed review), year of publication, and type(s) of interventions assessed. Two investigators (I.J.S. and C.U.G.) independently extracted information about all examined outcomes, as stated in each review. We resolved discrepancies through discussion.
Categorization of outcomes
Two investigators (I.J.S. and C.U.G.) independently categorized each outcome into one of 14 categories: clinical/biological, behavioral, mental/social, antiretroviral prophylaxis/treatment, health services access/uptake, knowledge, testing/counseling, adverse effects, preference/ satisfaction, attitudes, economic, quality of life, adherence, and miscellaneous. We revised the categorization system during data extraction, as needed, and we finalized it before we began the social network analysis.
Social network analysis methods
Although the steps of social network analysis might differ based on the objectives of the analysis and the topic area, our social network analysis comprised five steps.
3.4.1.
Step 1: Defining the network structure
We defined the network structure using nodes, ties, and isolates (Box 1). We did not include all possible outcomes in our network. Instead, we defined nodes as outcomes that occurred in more than one review, thus reducing the number of nodes in the graphs. We considered two outcomes as tied if they co-occurred in two or more reviews. We generated an adjacency matrix detailing whether or not each pair of outcomes was tied [29, 30] .
Step 2: Graphing the network
We imported the adjacency matrix into UCINET 6 [31] , and used NetDraw [32] to produce the graphs, applying principles outlined by Freeman [33] . First, we used the spring embedding layout, a systematic approach that positions nodes by balancing the attraction of closer nodes (outcomes that co-occurred) with the repulsion of distant nodes (outcomes that did not co-occur) [33] . To simplify graph visualization, we did not depict isolated outcomes (i.e., outcomes that did not co-occur with any other outcome in two or more systematic reviews). Next, once nodes were positioned, we incorporated node attributes [33] . Using color coding, we incorporated the main category we had applied to each outcome as that outcome's attribute.
Step 3: Calculating network descriptive statistics
The third step of our social network analysis was to use statistics to describe the observed network.
3.4.3.1. Statistics related to cohesion (or connectedness) (Box 1) 3.4.3.1.1. Density. We interpreted density to be the observed outcome co-occurrences as a fraction of all possible co-occurrences. Densities of 0 and 1 would mean that no and all possible co-occurrences were observed, respectively. 3.4.3.1.2. Component. Multiple components would suggest that there are silos of outcomes that co-occur together, but do not co-occur with outcomes outside the silo.
3.4.3.2. Statistics related to centrality (extent to which a network depends on intermediary nodes; Box 1). Central outcomes connect other outcomes in a network. Connectivity of outcomes is important because core outcome sets should contain outcomes that represent various categories of outcomes; outcomes that contribute to this connectivity might be of increased importance for core outcome sets. 3.4.3.2.1. Node betweenness centrality (NBC). In our analysis, a high NBC for an outcome would suggest that the outcome is central to the network. The normalized version of this statistic allows the NBC of nodes to be compared across different networks [9] . We calculated normalized node betweenness centrality (nNBC) for each outcome in our overall network and within subnetworks by type of intervention (step 5). For each network in our analysis, we considered the seven outcomes with the highest nNBCs to be the central outcomes of that network. We chose seven because Cochrane recommends including no more than seven main outcomes in reviews [34] . We depicted differences in nNBC across outcomes graphically by resizing each node as proportional to its nNBC.
To compare central outcomes identified using betweenness and degree centralities, we also computed each outcome's normalized node degree centrality. 3.4.3.2.2. Network betweenness centralization or global betweenness centralization (''Centralization''). Unlike NBC and nNBC which are computed for each node in a network, centralization is computed for the entire network. Centralization scores range from 0 to 1; those close to
Box 1 Explanation for relevant social network analysis concepts and statistics
Concept/Statistic Explanation
Concepts related to structure Node Each individual actor in a network.
Tie or edge
Underlying connection between individual nodes, represented by a line connecting two nodes on a graph. Isolate A node that is not tied to any other node in a network. Statistics related to cohesion Density The number of ties in a network as a fraction of the total number of ties possible [25] .
Component
A subset of nodes that are all tied directly or indirectly, but have no ties to nodes outside that subset [10] . Statistics related to centrality Geodesic distance The shortest path linking a given pair of nodes in a network via intermediate nodes [8] .
Note that there may be multiple geodesic distances between a pair of nodes.
Node betweenness centrality (NBC)
This statistic is calculated for each node in the network. First, consider all geodesic distances connecting nodes ''j'' and ''k'' in an entire network (g jk ). Next, consider the proportion of those distances that pass through a certain other node ''i'' [g jk(i) ]. For node ''i,'' its NBC refers to that proportion, summed across all pairs of nodes in the network [9, 26] . NBC for node ''i'' is computed as follows [9, 27] :
where g jk , number of geodesics between nodes ''j'' and ''k'' and g jk(i) , number of geodesics between nodes ''j'' and ''k'' that pass through node ''i.'' Therefore, for a given node, its NBC reflects the extent to which connections between the other nodes in the network rely on that node as an intermediary [10, 28] .
Normalized node betweenness centrality (nNBC)
This statistic is also calculated for each node in the network. The nNBC is a normalized version of the NBC, and is calculated by dividing the NBC by the number of pairs of nodes in a network [10] .
Network betweenness centralization or global betweenness centralization (''centralization'')
This statistic applies to the network as a whole. Centralization measures the extent to which the network is centered around the most central node (i.e., the node with the highest NBC) [9, 10] . Centralization is computed as follows [9, 27] :
where NBC*, largest individual NBC in the network and NBC i , NBC of node i. Therefore, the centralization simply is the sum of the difference in NBC between the most central node in the network and each of the other nodes, normalized by the maximum possible sum of the differences had the network been one where all connections depended on a single node [27] .
0 suggest that no single node pervades the network, and those close to 1 suggest that one node pervades the network.
Step 4: Sensitivity analysis
We subjected our results to sensitivity analysis, by redefining a tie to be co-occurrence of outcomes in three or more reviews, rather than two. A cutoff of one or more reviews meant including too many isolated outcomes, and a cutoff of four or more reviews meant including too few outcomes to meaningfully visualize co-occurrence patterns.
Step 5: Subgroup analysis
We examined our results within subnetworks (or subgroups) of the entire network. We used the Cochrane Review Group on HIV/AIDS's system for classifying its reviews by intervention type: (1) therapeutics, prognostics, and diagnostics (''clinical management''); (2) biomedical prevention; (3) behavioral, social, and policy prevention (''behavioral prevention''); and (4) organization and financing of health services and care (''health services'').
To evaluate whether social network analysis provides more information than a simple frequency analysis of outcomes examined in our sample of reviews, we compared, overall and for each subnetwork, the seven most central to the seven most frequent outcomes (i.e., outcomes examined in the highest percentage of reviews).
We analyzed descriptive statistics using STATA version 12 (College Station, TX, USA).
Results
Characteristics of reviews and outcomes
We identified 140 eligible reviews published in 2008 or later, of which 99 (70.7%) were completed (Table 1) . Almost half belonged to the intervention subgroup of clinical management (69/140; 49.3%). Box 2 lists examples of interventions assessed by subgroup. The 140 reviews examined a median of seven outcomes each (interquartile range [IQR], 4e11; range, 1e30). Across all 140 reviews, 1,140 outcomes were examined, 294 of which were unique. The most frequently examined outcomes were all-cause mortality (68/140; 48.6%) and cost/cost effectiveness for patients (50/140; 35.7%; Table 2 ).
Categorization of outcomes
Most of the 294 outcomes fell into one of two of the 14 categories we defined: clinical/biological (160/294; 54.4%) and behavioral (51/294; 17.4%; Fig. 1 ). Almost half of the outcomes (138/294; 47%) appeared in only one review each. Appendix A at www.jclinepi.com lists all 294 outcomes with their outcome codes and the number of reviews in which each outcome was named.
Steps 1 and 2: Defining the structure and graphing the network
After defining a tie as outcome co-occurrence in two or more reviews, we graphed the network (exploratory analysis; Fig. 2 ). This graph displays 156 of the 294 outcomes; the remaining 138 isolated outcomes are not displayed. Two main clusters were evident (clinical/biological outcomes and behavioral outcomes), although the clustering was not mutually exclusive. For example, some clinical/ biological outcomes [e.g., incidence of sexually transmitted infections (code G9)] clustered with behavioral outcomes. A few outcomes [e.g., cost/cost effectiveness for patients (code L2)] appeared to bridge the two clusters.
Step 3: Calculating network descriptive statistics
After exploratory analysis, we resized each node to be proportional to its nNBC (Fig. 3) . Overall, the most central outcomes were all-cause mortality (code G25) and cost/cost effectiveness for patients (code L2) ( Table 2) .
Because the network centralization (0.27) was closer to 0 than to 1, it did not provide evidence for the pervasion of the entire network by the most central outcome (i.e., allcause mortality, nNBC 5 23.9). The network appeared dense, and there was only one component; nevertheless, the network cohesion was low (density 5 0.09). This can be explained by clustering of outcomes with only a few bridges between clusters. Furthermore, most outcomes were examined in only a few reviews each (median 5 2, IQR 5 1e3), limiting outcome co-occurrence.
Step 4: Sensitivity analysis
When we redefined a tie to be outcome co-occurrence in three or more reviews, rather than two, the number of tied outcomes dropped from 156 to 96, but the density changed negligibly (from 0.09 to 0.10) and the centralization remained unchanged (0.27). Six of the seven most central outcomes were the same, whereas the seventh (''unprotected sex'') was replaced by ''adherence.''
Step 5: Subgroup analysis
The seven most central and seven most frequent outcomes differed overall and by intervention-defined subgroups (Table 2 and Supplementary Fig. 1 ). Thus, certain outcomes would be missed if one considered only frequency or only centrality. For example, adverse events (specified), a patient-important outcome, was one of the most central outcomes in the overall network (nNBC 5 14.8), but not one of the most frequent (17/140 reviews; 12.1%). Similarly, the same outcome was the most central outcome in the biomedical prevention subgroup (nNBC 5 33.3), but not one of the most frequent (2/20 reviews; 10.0%). This suggests that although this outcome was not frequently used in the reviews, it was important to connecting other outcomes in the networks.
When we compared each network's seven most central outcomes using betweenness and degree centralities, the lists of outcomes were generally similar. For example, in the health services subgroup, only the sixth and the seventh outcomes in the lists swapped positions (data not shown).
The nNBCs revealed that the evidence supporting the most central outcomes in the subnetworks of clinical management and biomedical prevention was stronger than the evidence supporting the most central outcomes in the other subnetworks. This is a consequence of how centralization is computed; networks with large differences in nNBC between their two most central nodes have high centralization scores. For example, in the most centralized subnetwork, clinical management (centralization 5 0.37, Table 3 ), the most central outcome (all-cause mortality) had considerably higher nNBC than that of the next most central outcome (38.2 vs. 13.0, Table 2 ). On the other hand, in the least centralized subnetwork, health services (centralization 5 0.12, Table 3), the difference in nNBC between the two most central outcomes was less remarkable (14.1 vs. 8.7). Although all-cause mortality was the most central outcome in both subnetworks, it was more central to the former than the latter subnetwork (nNBC 5 38.2 vs. 14.1, respectively, Table 2 ). The comparison of nNBCs for the same outcome in different networks is valid because of the normalized nature of this statistic.
The inverse relationship between density and centralization for the subnetworks (Table 3) suggests that the more dense subnetworks were less centralized around their most central outcome. All subnetworks included one component each, except for the biomedical prevention subnetwork ( Supplementary Fig. 1B ) which contained one additional tiny component.
Discussion
Choice of outcomes is critical to trials and reviews, and yet, current approaches to inform that choice vary.
Box 2 Examples of interventions addressed in included Cochrane reviews, by type of intervention Clinical management
Abacavir-based triple nucleoside regimens for maintenance therapy in patients with HIV. Stavudine, lamivudine, and nevirapine combination therapy for treatment of HIV infection and AIDS in adults. Effectiveness of antiretroviral therapy in HIV-infected children under 2 years of age. Herbal medicines for treating HIV infection and AIDS. Topical treatments for HIV-related oral ulcers.
Biomedical prevention
Male circumcision for prevention of heterosexual acquisition of HIV in men. Nonoxynol-9 for preventing vaginal acquisition of HIV infection by women from men. Antiretroviral postexposure prophylaxis for occupational HIV exposure.
Interventions for preventing late postnatal mother-to-child transmission of HIV. Sperm washing to prevent HIV transmission from HIVinfected men but allowing conception in serodiscordant couples. Inconsistent outcome use leads to systematic reviewers being unable to compare results across studies or synthesize results in a meta-analysis, threatening the credibility and potential impact of evidence synthesis efforts. In this study, we applied social network analysis methods to identify systematically central outcomes (i.e., outcomes important to the connectedness of other outcomes in the network) in all 140 Cochrane reviews on HIV/AIDS. Before beginning our social network analysis, we categorized the 294 outcomes to examine their topic coverage. Whereas others might reasonably categorize these outcomes differently, our categorization system is supported a posteriori by overlap with the spring embedding-based clustering of outcomes on the graphs, and the 15 categories used during a recent survey of outcomes in Cochrane reviews [35] . Future researchers might also use community detection algorithms [36] to formally evaluate the extent of overlap between predefined categories of outcomes and social network analysis-identified outcome communities. We identified the seven most central outcomes for HIV/ AIDS interventions overall and separately for each intervention subnetwork, considering outcomes with the highest nNBCs as central to a network. For two intervention subnetworks (clinical management and biomedical prevention), we observed evidence supporting pervasion of the networks by their single most central outcomes. Future research should evaluate whether a minimum nNBC cutoff can be used to determine whether or a given outcome is central to a network. Future research should also evaluate Abbreviation: HIV, human immunodeficiency virus; STI, sexually transmitted infection. a Within each type of intervention, outcomes in bold are exclusive (i.e., among the seven most central outcomes in a group of reviews, but are not among the seven most frequent outcomes, or vice versa).
Behavioral prevention
b Alphanumeric outcome codes are provided here to depict categories of each outcome and facilitate comparisons with Figs. 1e3 and Appendix at www.jclinepi.com. Each alphabet denotes a separate outcome category. c nNBC, the normalized node betweenness centrality, reflects the extent to which connections between the other nodes (outcomes) in the network rely on that node (outcome) as an intermediary. Note that the nNBC is not a percentage.
whether seven outcomes are the optimal number for examining centrality.
What is gained by examining centrality?
To ensure that relevant outcomes are not missed, we suggest that those developing core outcome sets begin by considering both frequent and central outcomes. When we compared the most central to the most frequent outcomes overall or in a subnetwork, there was some overlap, but the social network analysis did convey additional information. For example, the list of most frequent outcomes, overall, excludes the outcome of ''adverse events (specified),'' a patient-important central outcome. So, if frequency was used as the sole determinant for identifying outcomes for a core outcome set, this outcome would have been missed. Similarly, in the subnetworks, all-cause mortality, viral load, and symptom resolution are examples of outcomes that would have been missed if frequency was solely used.
There are various types of centrality. We chose betweenness centrality because it identifies outcomes as central if they are important to the connectedness of the network. Degree centrality measures the number of direct connections that each node has [8] . Eigenvector centrality is the measure of the influence of a node in a network [8] . Closeness centrality is related to the shortest distance between pairs of nodes [8] . Although the latter three types of centrality capture important characteristics of outcomes in a network, betweenness centrality captures a concept fundamental to developing core outcome sets, the connectedness of a network, and how the outcomes relate to one another.
Developing core outcome sets using social network analysis
The existence and promotion of core outcome sets will likely enhance the comparability of outcomes across research in a given topic area [4] . Although core outcome sets represent an attempt to standardize outcomes, they are developed using various methods, sometimes arbitrarily. Some of the methods used include the Delphi technique, semistructured group discussions (e.g., workshops), unstructured group discussions, reviews, and surveys [23] . The COMET Initiative [23] , the Patient-Reported Outcomes Measurement Information System [37] , and the Outcome Measures in Rheumatology Initiative [38] recommend the use of formal processes.
Although it is premature to decide on an optimal method for developing core outcome sets, social network analysis can contribute a perspective that complements traditional frequency, consensus, and survey methods. Central outcomes should not automatically be considered core outcomes. Our study does not test various methods for developing core outcome sets; rather, we explore a method (social network analysis) that could contribute by identifying central outcomes for core outcome sets. Once potential outcomes are identified from both frequent and central outcomes, assuming involvement of all stakeholders, the next step in core outcome set development should be to ensure that all stakeholders, including patients, have a voice.
Because our social network analysis demonstrated different central outcomes across the intervention subnetworks, tailoring core outcome sets by intervention type is likely beneficial. Even when the most central outcome for two subnetworks was the same (i.e., ''all-cause mortality'' for clinical management and health services), this outcome was more central to the former than the latter subnetwork (nNBC 38.2 vs. 14.1). This suggests stronger evidence for including all-cause mortality in a core outcome set for clinical management than for health services in HIV/AIDS. In our study, most subnetworks included different types of HIV/AIDS interventions and different types of populations. Those developing core outcome sets should consider whether separate core outcome sets are warranted by type of intervention, type of population, or both. The networks of outcomes would need to be constructed accordingly.
Developing core outcome sets starting with reviews
Systematic reviews are an excellent starting point for identifying central outcomes for core outcome sets. Existing reviews in a topic area, when considered together, appraise a large portion of the evidence, much of it from trials. Although it bears further investigation, deriving central outcomes from reviews is potentially useful for designing trials relevant for reviews and decision making. Another argument for using reviews is that it is recommended that reviews (e.g., Cochrane reviews [32] ) include patient representatives in the process. If followed, this recommendation allows for broader input on outcome inclusion. Furthermore, reviews of intervention effectiveness prespecify outcomes and indicate where these outcomes are missing from trial reports [3, 39, 40] . For example, choice of outcomes in a trial may be related to what data can be gathered easily (i.e., interim outcomes) and may not always address questions that need to be answered. An example is the focus of Fig. 2 . Exploratory social network analysis of 156 unique outcomes that co-occurred with at least one other outcome in two or more reviews (color coded by category of outcome). All node sizes are equal. Outcomes are labeled using their outcome codes. Alphanumeric codes are provided next to each node to depict categories of each outcome and facilitate comparisons with Table 2 , Fig. 1 , and Appendix at www.jclinepi.com. Each alphabet denotes a separate outcome category. The alphabet before each category name refers to the category code. Each individual outcome within a category was assigned its own alphanumeric code, beginning with the category code and followed by a number. glaucoma trials on intraocular pressure instead of visual field, the patient-important outcome that influences visual functioning [3] . Cochrane reviews use fairly standardized processes within Review Groups. For approximately 36% of Cochrane Review Groups, the editorial team makes decisions about outcome selection for reviews under the Group's purview [41] . In the HIV/AIDS Review Group, however, review authors proposed a list of outcomes, with additions and deletions suggested by the editorial team and peer reviewers, which often include patients and other stakeholders. There is only one core outcome set related to the area of HIV/AIDS, and it is specifically related to mother-to-child transmission of HIV among breastfeeding Fig. 3 . Main social network analysis of 156 unique outcomes that co-occurred with at least one other outcome in two or more reviews (color coded by category of outcome). Node size is proportional to node betweenness centrality. Outcomes are labeled using their outcome codes. Alphanumeric codes are provided next to each node to depict categories of each outcome and facilitate comparisons with Table 2 , Fig. 1 , and Appendix at www. jclinepi.com. Each alphabet denotes a separate outcome category. The alphabet before each category name refers to the category code. Each individual outcome within a category was assigned its own alphanumeric code, beginning with the category code and followed by a number. mothers [24] . Thus, the central outcomes we identified likely reflect the preferences of the larger community of Cochrane review authors in HIV/AIDS, rather than just those of the Review Group. However, in narrower topic areas where the same authors might contribute to a large proportion of the reviews, it is possible that the central outcomes identified might be greatly influenced by those authors' preferences, rather than the larger community of stakeholders in that topic area. It is possible that reviews are not the best starting point for developing core outcome sets. Reviews sometimes miss important outcomes reported in trials [40] . Therefore, the number of outcomes examined in trials included in the reviews we examined might be greater than the number of outcomes examined in the reviews. Although Cochrane recommends that systematic reviewers select outcomes without considering trial outcomes [34] , future research should compare the central outcomes of networks developed using the two starting points (reviews and trials). This comparison would help address whether those developing core outcome sets should focus on outcomes examined in reviews, trials, or both.
Conclusions
The novel application of social network analysis methods to identify central outcomes using Cochrane reviews provides important information needed for the development of core outcome sets in HIV/AIDS. Social network analysis can uncover outcome co-occurrence patterns not discernable using current frequency-based approaches. Although there was some overlap, the outcomes identified using methods to identify co-occurrence and centrality were different from those identified using frequency of occurrence alone. Although our results are preliminary, the methods appear feasible and deserve further study.
